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ABSTRACT 
 
An earlier study by the Asian Development Bank (ADB) showed that the annual cost of road 
traffic accidents in 2001 was S$699.36 million which was 0.5% of the annual GDP. This paper 
attempts to update of the cost estimates of road traffic accidents. More precise methods of 
computing the human cost, lost output and property damage are adopted which grew in an annual 
cost of S$610.3 million or 0.338% of the annual GDP in 2003. A more conservative estimate of 
S$878,000 for fatal accident is also obtained, compared to the earlier figure of S$1.4 million. This 
study has shown that it is necessary to update the annual traffic accident costs regularly, as the 
figures vary with the number of accidents which change with time. 
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INTRODUCTION 
 
Among transportation accidents, road 
accidents generally receive less public 
attention. Road accidents tend to be less 
dramatic because they contribute to few 
casualties in each instance, compared to, for 
example, air accidents which occur much less 
frequently but usually result in more deaths. 
So the large-scale economic and social 
impact of road accidents may not be fully 
appreciated. Again, information regarding 
the costs of road accidents is important if 
governments are to accord equitable priority 
in resource allocation for accident prevention 
programs. In many European countries, 
detailed cost evaluations of road accidents 
are made periodically [DETR, 1998; 
Putignano, et al., 1999; Bacon & Associates, 
1999]. The United States and Canada have 
also used various approaches to estimate road 
accident costs [Blincoe, et al., 2002; ICBC, 
1995] to facilitate their decision-making 
process for investments in traffic safety 
countermeasures [BTRE, 1992; Elvik, 1995]. 
It has been argued that we should not wait 
for someone to be injured or killed in an 
accident before taking preventive measures. 
However, road traffic authorities are often 
unwilling to take such proactive measures, as 
limited resources and budgets could be better 
devoted to other more impactful projects at 
hand, such as building more roads rather than 
to invest in road safety measures. By 
considering the massive financial resources 
consumed because of accidents as 
investments to justify proactive measures has 
been the approach adopted in many 
developed and developing countries where 
the economic value of preventing an accident 
can be considerable. 
In an earlier study of the Asian Development 
Bank (ADB) the annual cost of road traffic 
accidents of Singapore was found to be 
S$699.36 million that was 0.5% of annual 
GDP. The objective of this study is to update 
the cost of road traffic accidents for the year 
2003 based on more accurate estimates of 
cost components.  
 
METHODOLOGY 
 
The valuation of accident is controversial 
because life is too important to be valued 
simply in monetary terms. While no one 
would trade their life for a sum of money, 
most people would spend to acquire safety 
devices or choose to incur some 
inconvenience to ensure an acceptable level 
of personal safety on the roads. The 
methodology for road traffic accident costing 
follows this principle and has derived from 
several sequential steps. Firstly, the available 
approaches of proceeding with this study are 
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reviewed before selecting a suitable approach. 
Next, the cost components are identified 
before searching for the relevant database. 
Following which, the cost of each component 
is estimated using the appropriate database. 
Finally, the annual cost of road accidents is 
computed from the individual cost 
components.  
 
AVAILABLE APPROACHES 
 
The method to estimate road traffic accident 
costs has to be well understood to ensure that 
the approach used and assumptions made are 
relevant to the intended use of the total cost 
and its components. Hills and Jones-Lee 
[1983] as well as Jacobs [1995] have 
discussed the six methods for evaluating the 
cost of traffic accidents. Although the 
approaches are used for accidents that 
involved exactly one fatality, they are 
applicable to non-fatal accidents as well. The 
six approaches are briefly described in the 
following. 
Gross output/Human capital method: Each 
human life is taken to be a source of input to 
the production process of the economy. The 
value to society in preventing a death or 
injury is the savings in potential productive 
capacity. The cost of an accident is taken to 
be the sum of real resource costs and the 
discounted present value of the fatality’s 
future output. The derived value is taken to 
be the cost that one would rather incur than 
to be involved in an accident. As this method 
does not take into account pain, grief and 
suffering, it provides a direct measure of 
traffic accidents on the national income.  
Net Output method: This is similar to the 
Gross Output method, except that the present 
value of the fatality’s future consumption is 
subtracted from the gross output value.  
Life-insurance method: This takes the value 
that a rational individual is willing to insure 
his life for as the cost of preventing an 
accident. However, this method only takes 
into account the financial valuation of an 
individual’s earning capacity and not a value 
of life itself. This may result in an 
underestimation of the true costs of accidents. 
Court Award method: The cost of an accident 
is taken to be the award given by the court to 
the surviving dependants of the fatality. 
However, court awards generally 
underestimate the true cost as they do not pay 
the full amount of compensation; it is taken 
that when the amount of compensation is 
compounded for the number of years used as 
the multiplier, it will make up to the full sum. 
Implicit public sector valuation method: The 
cost of an accident is derived from implicit 
sums placed on accident prevention 
legislation or decisions that affect road safety. 
Willingness-to-pay method: Originally 
designed for typical cost-benefit analysis, 
this method takes the accident cost to be the 
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amount that an individual would pay to 
reduce the risk of accident involvement, and 
therefore injury or death. The willingness-to-
pay method also captures the intangible 
elements of life, such as enjoyment of the 
quality of life. So the estimates made by this 
method are usually higher. Countries that 
have used the willingness-to-pay method 
include the United Kingdom, the United 
States and Switzerland. 
 
SELECTION OF METHOD 
 
In formulating safety programs, national 
development planners usually seek to meet 
several objectives: to maximize the Gross 
National Output, to maximize the level of 
employment or minimize the rate of inflation 
and to maximize the social welfare. If the 
above six defined methods were to be 
considered to fulfill those objectives, it 
would be best to use either the Gross Output 
method to meet the objective of maximizing 
GNP, or the Willingness-to-Pay method to 
maximize social welfare, as evaluated by 
Hills and Jones-Lee [1983]. Although the 
Willingness-to-pay method is more 
appropriate for conventional cost-benefit 
analysis, it is difficult to implement without 
sufficient data. Moreover, the Willingness-
to-pay method may not produce results that 
are consistent as the Human Capital method, 
as the value placed on life may vary from 
individual to individual; each individual’s 
perception of risk may differ. In place of it, 
Gross Output method may be used instead 
and to fulfill the objectives of this study, i.e. 
to analyze the impact of traffic accidents on 
the economy. The Gross Output method has 
been widely accepted in accident costing [Al-
Masaeid, 1999; Morden, 1989; Elvik, 1995; 
Miller et al., 1997]. 
 
 
 
 
COST COMPONENTS 
 
The Gross Output or Human Capital method 
comprises two main categories, the direct 
costs and indirect costs. Direct costs involve 
the medical costs, property damage and 
administrative costs such as police or 
ambulance services. Indirect costs involve 
productive output lost of individuals due to 
premature death as the result of an accident, 
or casualties who are unable to work while 
recuperating, or have disabilities resulting 
from an accident that decrease their potential 
output. The Human Capital method has often 
been criticized for underestimating accident 
costs, as it does not take into account pain, 
grief and suffering. Because this method has 
assumed that an individual’s suffering may 
not affect his ability to produce or consume. 
To correct this, a cost component, Human 
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costs, has included in this study. This study 
covers five cost components, namely the 
medical costs, property damage, 
administrative costs, lost output and human 
costs. 
 
MEDICAL COSTS 
 
Medical costs usually cover a wide range of 
components. Those costs include treatment 
given at the scene of the accident, 
transportation to the hospital, emergency 
surgery, hospital ward charges, in-patient 
medical care, X-rays etc. 
In this study the cost was estimated using a 
detailed recorded sample for the year 2003 of 
hospital admissions arising from road traffic 
accidents at the KK Women’s and Children’s 
Hospital (KKH). These include costs such as 
medication, surgery, bed charges and 
rehabilitation. Patients in KKH were given 
an Injury Severity score (ISS) upon 
admission. Based on ISS, the patients are 
categorized into slight injured (ISS scale 0-
14) or serious injured (ISS scale ≥15). Then 
the mean medical costs are calculated for 
each category as shown in Table 1. 
Table-1: Mean medical cost (CM) and length 
of hospital stay (tavg) 
 
 
 
 
Injury 
Severity 
Range of 
ISS 
CM tavg 
Slight 
Serious 
1 to 14 
15 to 75 
S$1,538 
S$15,490 
2.27 
14.62 
 
For victims with fatal injuries, it is assumed 
that since these patients have died of their 
injuries, their injuries must have been severe 
enough to be brought to the hospital 
immediately from the accident scene. Thus 
the average medical cost is, 
 
CM =∑ )(*)( tctp hh   Equation-1 
 
where ph(t) is the probability density function 
depicting the proportion of all fatal victims 
dying after staying t days in hospital. CM for 
fatal cases was found to be S$1544. 
 
LOST OUTPUT 
 
Lost output reflects the potential loss to the 
economy due to productive time lost because 
of an accident. For fatalities, this would be 
the amount of productive years that were lost 
because of premature death of the victims. 
For surviving casualties, this would be the 
amount of time they spent recuperating, as 
well as potential decrease in productivity for 
victims that subsequently become disabled 
and are unable to resume their former jobs.  
To estimate the loss of earnings, victims in 
road accidents are classified into three types 
(V): driver, passenger or pedestrian. The 
30 
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relevant attributes of each victim profiled in 
the Traffic Police records include the gender 
(G), age and mode of transport, (MD). The 
wage rate (WR) of each victim is dependent 
on V, MD, and G. And the time lost (TL) for 
each victim is dependent on the severity of 
accident, (Asev) and the age of the victim. 
The legal employment age is from 16 to 62 
has taken for this study. 
The average lost output CL in the form of 
loss of earnings can be computed as follows: 
 
( ) ( ) ( )
( )∑∑∑∑
∑∑∑∑
=
age G MD V
typesev
age G MD V
typesevsevtype
L
type
type
ageGMDVF
ageGMDVFageATLGMDVWR
C
,,,
,,,*,*,,
where, Fsev denotes the total accident for each 
Asev. The wage rates were obtained from the 
Ministry of Manpower and a weighted 
average has taken to be the mean wage rate 
for various category of injury severity. The 
productive time lost (TL) was found from 
hospital duration record as mentioned in the 
previous section. Then the average loss of 
earnings is computed for each accident 
severity (Asev). For seriously injured victims, 
the loss of future earnings and earning 
capacity is obtained after averaging the 
history of court awards. 
The average lost output for victims in each 
category of accident severity is summarized 
in the Table 2. 
 
Table-2: Average lost output sustained by 
victims 
 
Average 
Lost 
Output 
Injury 
Slight Serious Fatal 
S$1,139 S$115,779 S$765,399 
 
PROPERTY DAMAGE 
 
In a road traffic accident, damage to property 
not only includes the damage to the vehicles 
involved in the accident, but also to roadside 
infrastructures like lampposts, railings and 
trees. The costs of property damage cover 
cost to replace or repair the damaged 
property, and these are obtained from the 
insurance records. 
Although it is ideal to estimate the damage 
property according to extent of damage, it is 
more convenient in this study to categorize 
the cost components by severity of the 
accident. Hence the degree of property 
damage (namely no damage, slight damage, 
extensive damage, and total wreck) for each 
accident is related to the severity of accident 
from the traffic police database for six 
months from January to June 2002. The 
correlation is obtained based on insurance 
records of same duration for India Insurance 
Company sorted in ascending order of the 
property damage costs, and proportioned into 
different categories of vehicle damage (slight, 
extensive, wreck) using the proportion of the 
31 
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various degrees of vehicle damages by the 
traffic police. It is assumed that the extent of 
vehicle damage is directly proportional to the 
property damage costs. The mean cost, Cpd of 
property damage is calculated for different 
categories of property damage. Devoting the 
proportion of corresponding categories of 
vehicle damages is denoted as Pvd, the 
corresponding costs Csev.pd, are obtained as 
follows 
 
∑
∀
=
vd
vdpdvdpdsev PCPC /*.  
The property damage cost for each severity 
of accident, Csev, is obtained by  
 
∑
∀
=
pdsev
pdsevsev CC
.
.  
For Property damage only (PDO) accidents, 
Pvd is extrapolated based on the relationship 
between accident severity and property 
damage, which assumes that the severity of 
vehicle damage decreases with the severity 
of accident severity. Actually the number of 
totally wrecked and extensively damaged 
vehicles have decreased to zero, implying 
that the number of slightly damaged and no 
damaged at all vehicles have increased. 
The final cost estimates are presented in the 
Table 3. 
 
Table-3: Estimations of property damage 
costs for different categories of accident 
severity. 
 
Severity Average property damage costs, Csev 
 
Fatal 
Serious 
Slight 
PDO 
S$ 8,611 
S$ 8,121 
S$ 3,892 
S$ 2,282 
 
HUMAN COSTS 
 
The Human Cost included in this study refers 
to “pain, grief and sufferings”. This 
compensates for the physical and mental 
suffering undergone by the victims and their 
families, as well as quality of life lost. To 
estimate Human Costs in Australia, BRTE 
[Bureau, 2000] used the court compensations 
paid to road crash victims for non-economic 
losses as a measure of the quality of life. This 
method is also applied in this study as the 
court awards in Singapore are available. 
To estimate the Human costs, a history of 
court awards given to victims is tabulated 
and the injuries are sorted using the ISS (as 
described in section-3.1). Then the mean 
compensation awarded to victims in each 
category of severity is calculated. The 
medical costs in each corresponding category 
of severity, as calculated in section-3.1, are 
subtracted from the compensations, leaving 
the costs e.g., pain and suffering as well as 
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loss of amenities of the victims. The 
proportion of slightly injured victims, as 
listed in the history of court awards, are 
adjusted to the proportion of slightly injured 
victims as listed in the Traffic Police records. 
It is assumed that the victims who suffered 
minor injuries might not go to court as the 
legal fees involved would out-weigh the 
compensations received. This adjustment is 
used to correct the bias in the sample. For 
fatalities, compensations those are not 
inclusive of medical expenses and 
dependency claims are tabulated as non-
economic losses, which are used to represent 
the quality of life lost by fatalities. 
 
Table-4: Calculation of Human Costs per 
Casualty 
 
Severity Medical 
cost 
Court 
Awards 
Human 
Cost 
Adjusted 
Human 
cost 
Slight S$1,537 S$18,025 S$16,488 S$4,546 
Serious S$15,490 S$51,096 S$35,606 S$35,606 
Fatal S$1,544 S$14,993 S$14,993 S$14,993 
 
ADMINISTRATIVE COSTS 
 
Road traffic accidents necessitate the need 
for resources to be consumed for following 
up on accident investigations as well as 
safety promotion and accident prevention. 
This requires the presence of agencies such 
as the insurance companies, legal services, 
traffic police and emergency response 
services. In this study administrative costs 
involving the insurance and traffic police is 
considered. The administrative costs 
regarding to insurance (CAi) is calculated by 
the management expense ratio (MER) for the 
motor insurance industry in 2003 multiplied 
by the net income from the motor insurance 
premiums in 2003. The total administrative 
cost due to motor insurance is S$94.778 
million. This cost is proportioned into 
different categories of accident severity with 
the distribution (shown in 2nd column of 
table-5) used by ADB. The administrative 
cost involving police (CAp) is due to the 
attendance time at the scene of the accident, 
notifying the public if necessary of the 
occurrence of an accident, notification of the 
next of kin and investigation of accident. 
These costs are estimated as a percentage of 
administrative cost due to insurance and this 
percentage is the average percentage (7.8%) 
used by BRTE and ADB. 
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Table-5: Administrative Costs for a typical 
accident 
 
Severit
y 
Ratio 
by 
ADB 
CAi CAp Total 
Fatal 50 S$ 35,450 S$ 2,764 S$ 38,214 
Serious 8 S$ 5,672 S$ 442 S$ 6,114 
Slight 5 S$ 3,545 S$ 276 S$ 3,821 
PDO 1 S$ 709 S$ 55 S$ 764 
 
AGGREGATE COST AND ANNUAL 
COST 
 
The aggregate cost of each category of 
accident severity is computed before 
calculating the annual cost of road traffic 
accidents in 2003. In the previous section 
Medical cost, Lost output, Human cost are 
calculated as a per-casualty basis and 
Administrative cost, property damage is 
calculated on a per- accident basis. To 
calculate the cost per accident in each 
category of accident severity, it is necessary 
to establish the casualty rate per accident 
since most accidents involve multiple 
casualties. Table-6 shows the mean casualty 
rates of road traffic accidents in 2003. 
 
 
 
 
 
 
Table-6: Mean casualty rates per accident 
 
 Fatal 
casualty 
Serious 
injury 
Slight injury 
Fatal 
accident 
1.04 0.09205 0.372385 
Serious 
accident 
- 1.019608 0.205882 
Slight 
accident 
- - 1.3357 
 
Using the casualty rates in Table-6, the total 
cost for each category of accident severity is 
as follows: S$878,000 per fatal accidents, 
S$171,000 per serious injury accident, 
S$17,000 per slight injury accident and 
S$3,000 per damage-only accident. 
ADB (Chin et al, 2003) obtained a cost of 
$1.481 million per fatal accident, $269,500 
per serious injury accident, $15,900 per 
slight injury accident and $3,400 per 
damage-only accident. The most significant 
difference in this study is in the estimates of 
fatal accidents, which is nearly 50% lower 
than the previous. The most significant cost 
components that contributed to this large 
difference is the human cost and the lost 
output. This is because the total costs 
computed in this study show a different 
perspective of estimating cost components 
such as the human cost by using the derived 
compensations awarded by the Singapore 
courts for pain and suffering, instead of a 
percentage of the overall resource cost used 
33 
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by ADB (Chin et al, 2003); and a more 
detailed computation of lost output by taking 
into account the difference in wage rates of 
casualties based on the different proportions 
of vehicle types involved in accidents. 
In 2003, there were 212 fatal, 152 serious 
injury, 8,056 slight injury, and 81,580 PDO 
accidents. Using the cost per accident in each 
category of accident severity, together with 
the annual number of accidents classified in 
the corresponding category, the total cost of 
traffic accidents occurring in 2003 is S$610.3 
million.  
The annual cost of traffic accidents is about 
0.338% of the GDP in 2003, which is 
comparatively lower than the estimate of 
ADB (0.5%) and other developed countries. 
Among the total cost property damage is the 
largest component, contributing to the 39% 
of annual costs. The computed cost per fatal 
accident is S$878,156, which is lowered than 
the earlier study done by ADB (S$1.4 million) 
due to more precise estimation of human cost, 
property damage and lost output. 
 
CONCLUSION 
 
The huge sum of S$610.3 million is a 
significant amount of resources wasted 
annually on road traffic accidents. Ways to 
reduce this cost should be looked into since 
fatal accidents cost the most; it is worthwhile 
to look into measures to reduce the number 
of fatal accidents. This would result in 
significant cost savings. This report has 
shown that the costs of road traffic accidents 
in Singapore are still substantial, even when 
conservatively estimated. So there is still a 
need for greater safety awareness and to 
devotion of resources to road safety 
programs and research to make the roads in 
Singapore safer for road users. 
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